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THE FOOD VALUE OF DAUCUS CAROTA 
AND PASTINACA SATIVA. 
I. INTRODUCTION. 
Vegetavles may pe divided into turee general 
eiasses,depending on tueir composition.The first class includes 
those containing a relatively hign percentage ot protein,tne tissue 


and muscle puilding maveriai.Beans and peas are ‘cOmmoa examples o1 


this Class.The second,or carbonydrate group,producing energy ,neat, 


and tat,inelude tnose naving large amounts ot sugar and staren and 
are fepresented py potatoes and corn.The tuird group are Fne guccu- 
lent vegevavlecs Containing @ iarge amout ol waver. 

Carrots(Daucus carova)and parsnips (Pastinaca 
setiva)both pvelong to tuav class ot vegetavles called tne succulent 
root crops,so-cailed pecause or tne nign percentage ot waver in vue 
edivie partv.Carrovs contain trom ov-9GO per cent water anu parsnips 
00-84 per cent,most of tne solid material péeéing carponydrate in tne 
rorm ot sugar and staren.The succulent roots nave veen developed 
trom wild torms,and as a result of tuis development ,tueir size nas 
increased and their texture and quality improved.A.L.de Vilmorin, 
by tue selective process continued tnrougn several generations, 
Optained: from the slender-rooted wild torm(Daucus carova) ,bienuiai 
Plants having thick Tiesuy roovs resemvling tuose of tne ordinary 
cultivated types oi to-day.Professuor J.Buckman is said tuo nave 
raised tne Large nollow-crowned "Student " parsnip trom tne smail_ 
rooted wild type py a similar process ot selection. 

Botu carrots and parsnips can ve stvurea ivr 


montis Wituout serious deterivrationand tor this reason are popular 


Re 
as Winter vegetaviceQHowever as the season advances tne roovs are 
LiapLe to pecuome touga and tne quailty is impaired unless tuey are 
svoread under 1deai Conditions. 

There are numerous varieties oi carruts under 
GuLtivation,mose OL Wien ditier e6itner in color or snape of roov 
and in toe time or maturity.The ecariiest varieties are very snort, 
some aimost gloouiar,Woiste tue vest vi vnem have very Litile heart 
or core.The later varieties are as a rule long and tapering. Some 
have considerable core ,while owners have almost none, 

From earlier times the central cylinder or core 
was supposed to be ot a woody texture and very mich lower in nutri- 
tive value.and it was always the endeavor of the plant breeder to 
Obtain e relatively wide cylinder of bast with a small core.This 
variation in the size of the core suggested the study of the rela- 
tive proportion or core to cortex in the various varieties or 
carrots and parsnips under cultivation. FPurthermore,since there was 
very little evidencé to support tne popular belief? that the central 
cylinder of carrots and parsnips is very inferior in nutritive 
value,a study of the relative composition of the core and cortex 
wes made in order to throw turtner light on tne subject. 

It has been the purpose of the author to poring 
together all ot tne material dealing with the tood value ot carrots 
and parsnips and substantiate this data by chemical analyses ot the 


two crops.To this end the roots were grown in tie summer of 1921 


and submitted to analysis tne trollowing winter. 


II,HISTORY OF CARROT AND PARSNIP. 
The carrot has been in cultivation tor two thous- 


and years.It is mentioned by Pliny,and the wild carrot was 
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known to the Greek writers py 500 B.C.,who spoke oi it as being of 
great service as a stomachic when eaten either in the raw or cook- 
ed stete. 

The carrot was introduced into China from western Asia 
about 1280.The first mention ot its use in Europe was in 1536.1It 
seems provable that the norticultural improvement or vhe species 
began in Holland,and it is said that the cultivated forms were 
introduced trom Holland into the gardens oi ingland during the reign 
ot Gueen Elizabeth.The first mention or tne use ot the carrot in 
England wes made vy Gerarde in 1597.It has recieved more atvenvion 
in France than in any otner country,and tnere is reason to velieve 
that it was estecmed there as early as the tirst century.In the 
United states carrots were mentioned as occurring in Margarita 
Island,1565,in Virginia,1009,and in Massachuties,1029. 

The parsnip was unaouvtedly »nown to tne Greeks and 
Romans long pefore the dave oft tue earliest records snow.Quite a 


contusion of names existed petween tne carrot and the parsnip. 


Plinydeecribes tne medicinal virtue of tne elopnoboscon,wnich is 


supposed to nave veen tue parsnip,and says it was wuen esteemed as 
@ tood.The earliest record ot its use in Germany wes wade py 
Fuchsins in 1lo4é. 

In England the Long parsnips were in general use in 
1083 and the short round ones in 1044.They were considered a sweet 
delicacy.The parsnip was probably introduced into Americe by the 
earliest colonists.It was mentioned as occurring at Margarita 


Island by Hawkins in 1564 and cultivated in Virginia in 1699, 
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III. EXTENT OF USE IN UNITED STATES AND OTHER COUNTRIES. 

Carrots are grown commercially in all parts or the 
United States.According to the cen®us oi i1910,the ten Leading staves 
in tue production of carrots,rvanking in the order named are,New York 
Massachuttes,California,Illinois,liichigan,Wew Jersey, Louisana,renn- 
sylvania,Washington,and South Carolina.In the United states some 
2,008 farms reported raising more tian one acre.each in 1909,and the 
total area of carrots grown was 3,764 acres.The total value oz tie 
erop was $473,499. 

Parsnips are mecn Less important then carrots.The tovel 
value of the crop in 1949 was $102,000,growm on 2% acres,ana dis- 
tributed over 456 tarms,making an average o1 1.66 acres per itarm. 
Massachutites produced 30% and New York 23%: of the crop.The figures 
quoved On vOth carrovs and parsnips do nov take invo account those 
grown tor nome use and on commercial plantings oi less than one 
acre.Large quanvivies OL voOuUn Crops are grown in vovun of these areas 

France provavly ranks Tirst among une Kuropean ¢coun- 


uries in tne use of carrots and wore attention nas veen paid to the 


improvement Or tne crop in tnat country.In England in Lobz# av was 


stated that the culvivavion ot carrovus and parsuips was gaining 
Irom year vo year.At present vver i1,000 acres are cultivaved in 
Great Britian,the principle counvies veing Cambridge, Lincilin,and 
Bedford.In Germany tne carrot 1s chopped and dried to be used as a 
substitute ior coifee*’Carrovus are very usesul in culinary pracuice 
rOr gouUps,sveWws,ana salads and as tuis Class o1 cooking nas never 
becn reasonavly popular in the United States tuis vegevavle nas nov 


recieved tne attention it deserves. 


5. 
There are many who pelieve the roots of tnis parsley 
¢ 

group,including carrous,parsnips,ana ceiery,to be poisonous ana 
if eaten end in sickness,ana somevimes deavn;ouhers pelieve tiuiat 
parsnips it allowed to remain in the ground until spring and 
growth starts @ poisunous element is produced.The former velief 
may ve well groundeaas tue Wild iorms oi parsuips and relaved 
plents ere viten poisonous and cases have veen reported on in- 


tection trom nandling celery ioliage. 


IV. STRUCTURE. 

The structural characteristics oi an edible rovt,or 
any portion ot a plant Wuicu is edibdle,are a large awount Oi thin 
Walled nuirvitive tissue and e small proportion ot thick wailed 
tissue.The latter - wood celis and mecnanical cells - cannot be 


entirely dispensed witn since tney are necessary to tne Lite or 


the plant,but tne mutritive tissue may pe largely increased poy 


selection end preeding. 

The entire itramework oi tne young carrot is made up oi 
ceil walls.Harly in tne growvn ot tne plant,wood cells begin to 
develop.The wood cells grow into a tiberous substance.It is tne 
woody iiver and tie tnickening and nardeniug of Tue tissue tua 
maxe pooriy grown or svale vegetables tough and indigestible. 

A eross section vol @ carrot or parsnip root snows two 
well detined layers,an outer and an inner layer or core wnicn 
irequentiy diitiers Irom tne cortex in culor.The proportion exisi- 
ing vetween tne two layers is variable depending chieriy on tne 
variety.These two parts nave a well detined Line ot division and 


are easily separated one trom tne otner,. 


RR i ea 


a ee oe 


eer 


aE he tata 


tase.) (Live 
‘er } 


6. 
A microscopic examinetion shows the central cylinder to 
be composed of two parts,one innermost region made up of pithy 


substance and an outer region containing the conductive cells. Just 


outside the core are two rows of thick walled selerotic cells. The 
cortex is made up of thin walled parenchmya celis which are smaller 
more compact and usually darker in color.The epidermis is composed 
of three rows of cells very similar in iorm to tne sclerotic cells, 
If the important sood nutrients are stored in larger 
amounts in the cortex then in the core,the proportion of the two 
parts has an important bearing on the food value of the root.The 
larger the proportion of core the smaller the amount of nutrient 
is contained in the root.The author made a detailed study of the 
structure and proportion of the core and cortex of 25 varieties of 
commercially grown carrots in order to aetermine the exact pro- 
portion and vO what degree they varied poth in the different 
varieties end among individual roots of the same variety.The first 


17 varieties were obtained from American seedsmen and grown in the 


garden from April 15/1921 to september 27,1921. Number 18 was 
planted July 23,1921,and grown under irrigation until September 27, 
1921,so that it had ea short quick growing season.Number 19 was an 


American variety and 20,21,22,25,were French varieties. Number 19 


to Zo,inclusive ,were sown and harvested in tue sreenhouce. 


In order to determine the per cent of core,the author 


measured the dismeter of the core and entire root of « greot many 


specimens of tue 23 varievies.It was found thav whe existing ratio 


of core vo cortex was vue same at the top and bottom gas in whe 
center so thet a cross section at any point gave the same results. 


The core ani cortex may pe represented by two circles one inside 


the other and since tne areas of two circles are to each other as 
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Cross section ot 2 parsnip. (1) 


V - Gunducvive vessels(xylem and piitvei) 
S - UiliCa-Waiied sclerotic celis 

CGC - Cortical varencayma 

O@ - Spiderwis 


(1) The cerrot is very similar in structure to the parsnip. 


the squares of their diameters,the scuare of the diameter of the 
core divided by the square of the diameter of the entire root gives 
the per cent of core. 

Tables I and II give a summarized result of tnese 
measurements.Tabie I shows e great variation in the per cent of 
core in the 23 different varieties and table II the variation in 
the individuals oi ine same veriety(Henderson's Coreless), 

The great variation in the size of the core shows 
what can be accomplished by selection.The carrot is more important 
in France than in the United States ana wore attention nas peen 
peid #9 -its improvement es snown by the smaller core in the four 
Prench varieties.It might also pe added that the flavor and texture 
of these varieties was superior tv most oi the Americam verieties 
but this might ve due in part to the fact tnat they were forced in 
the greenhouse and not grown out of doors.Many of the American 
varieties were advertised under tne name ot "coreless"and claimed 
vo ve devoia of core and fiberous material .However in most cases 
the core was large and in one so-called"coreless"variety the cove 
constivutvea over ali tne toval roo. 

The results snow tnat tuere is great n-ed of improve- 
ment in order to reduce the size of the core.The only question is 
whether the reauction in tue size or tne core which contains the 
conductive tvissue,will nave any material effect on the growth of 
the root,lNo correlation was made petween the size ox core and toval 
size oi roov in tuis experiment.This would be inveresting vo work 
out as well as the proportionel increase in size of the core and 
cortex,as the season advances.It seems to pe a tact tua tue core 


becunes more tiberous end tougn with age snd it is very reasonable 


that the proportion of core might also pvecome larger with age. 
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portion ox Core vo Cortex in Different Varieties 
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Variety of 
Parsnip 


Offenham 
Market 
Delmonico 
Devonshire 
Tew French 
Hollow 


Hub 


Arlington 
Long Smooth 


New Kenway's 
Don 


Maltese 


Long White 
Dutch 


Wo. 


z0 


20 


20 


D root D core 


1,41 


1,35 


Table I (continued). 
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- 66 


. 86 


(D root)*® 


1.98 


1.82 


L198 


(D eore)® 


58 


43 


42 


- 55 


72 


43 


47 


43 


74 


% core 


£9.49 
22.58 


14.53 


29.12 
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26.13 
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Table II. 


Proportion oi Core to Cortex. 


(Variety Henherson's Coreless) 
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IV.CHEMICAL COMPOSITION OF CARROTS. 

One oi the important factors wnich determine tine 
food vaiue of carrots is the chemical composition.Data on tne con- 
position give: a basis tor discussingitheizalue in supplying prov- 
@ins ,caroonydrates,fats,and mineral matter for use in building 
tissue ,and supplying energy.The composition of the carrot is 
given by the diirterent authorities es Toilows : 

Table III. 
Chemical Composition ofr Carrots. 
ater i 
Total nitrogen 
Protein 
Fat 
Cane sugar 
Fruit sugar 


Other carbonydrates 


! 
1 
1 
1 
1 
! 
' 
1 
1 
' 
1’ 
1 
1 


9.2°10.7 
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Total carbohydrates 8.0 8.37' 
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The ash content ot carrots iS approximately 
one per cent.the eignt chemical elements ,iron,magnesium, potassium, 
sodium,cnlorine,sulphur,phospnorous,and caicium and their com- 
pounds are commonly reterred to as the ash constituents.These in- 
Organic materials are important in the metvanpolism and regulating 
the general condition ot the pody.The composition of the ash in 


per centage ot edible pumtiom or tue carrot is given in table IV. 


The calcium and phosphorous contents are the most important and 


are treated sepsrately in tables V and VI.other matcrieis are 


given for comparison. 


Table IV. 


Composition oi the Ash (1) 
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Material! Cad 


Carrot 
Potato 
Turnip 


Cabbage 


Waterial 


Carrow 
Parsnip 
Potatoes 
Turnip 


Milk 
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Table V. 
Approximate Amount of Peds. (1) 


P2005 per LO 
gm.edibie 
substance. 
gm 
mee 


Pe05 per LO 


PoQ_ per 5,000 
Protein 


caLlorics 


19 
14 
oL2 
6. 
Table VI 


Approximate Amount or Cao (1) 


Material CaO per LOO gm Cad per 100 gm Cad per 35,000 


Carrot 
Potavoes 
Parsnips 
Turnip 


Milk 


edible sguostance 
gms. 


provein 
Sims v 


calorl1es 


7.6 
220 
5.3 
6.9 
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2S. 
Phere is quite @ variavion in chemical cump- 
OSktion in toe ditierent varieties as may pe snown by tne following 
tables. (1) 


Table VII. 
Varievy Water Dry Mativer 


Halt hong Chantenay 86,444 11.56 
Sntario Champion 69.17 10.83 
White Belgian oye 63 10.37 
Mammotn White Intermediate 695.90 10.10 
Mammoth Intermediate 90.00 10.00 
Improved Short White 90.46 9.54 

Also the Colmpusition varies trom year to year 
depending on tne conditions under wnich the carrots were grown. 
This may be seen from the following table which gives tue average 
Composition of the same variety for a period ot five years,iy05 to 
1909. (1) 

Table VIII. 


Dry matter 


2.00 
Carrots,since tney Contain a Larger quantity voit 
waver than sume of the starciy vegetavles,are iower in nutritive 


vaiue pound for pound.The water cuntent is appruoximatveiy tae gaue 


45 in mii« and the tutai dry matter 1s about hait tnat in potatoes. 
(1) Shuvv,?rank 7.--Can.Farmu Rpv.1y00.Auaiysis ot Garruis. 
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The nitrogenous material is also low,1.4 to 1.8 % and not all of 
this in the form of true protein. About half the nitrogenous matter 
is elpuminoid.Carrots contain on the average 9.5 % carbohydrate, 
including 1.13 % crude fiber.The remainder is sugar and starch,and 
to these constituents is due tne chief value of carrots as a iood. 
One half the total solid matter of the carrot is in tne form of 
sugar,50 % of this being sucrose and 50 % other sugars,chiefly truit 
sugar.The fat content is Low as in tne case ot most vegetables ot 
this nature.The average fat content is .2 - .4 % which is greater 
than that tound in the potato.Besides the protein (tissue building), 
the carbohydrates and tat(energy producing) of a food,the mineral 
substances umst also be taken into consideration.Iron is needed in 
making red blood (Hemoglobin) ,and calcium in making bone.Carrots 
are relatively high in poth or these elements and are valuable on 
this account. 

Carrots,in common with many of the other succu- 
lent root crops contain substances whicn give tnem a characteristic 
color,odor ,or flavor.This is due to tne sugars,plant acids,and to 
small quantities ot volatile oils.Many fleshy roots,cspecially the 
Garrot ,contain together with the cellulose in the eell wall,a sub- 
Sstence known as pectin.The color of tno carrot is due to 2 compound 
known as carotin (C40 H5¢).Both carotin and pectin are extracted 


and used for commercial purposes. 


VI.COMPOSITION OF THE CORE AND CORTEX OF CARROT. 


As shown by the following tables great variation 


6éxists between the core and cortex as to the amounts ot nutrients. 


This has an important bearing on tne tood value and economy,since 


15. 
the core is rather low in the important food nutrients.This vari- 
ation is greater in some varieties than others and is also influ- 
enced by the season and tne lengtn of tne growing period. 

A German investigator (1) has analyzed tne dif- 
ferent parts or the carrot.The results or this analysis are sum- 
marized in taple Ix, 

Table Ix. 


The Distribution ot the Nutrients in Carrot. 


Dry matter ' Vitrogen-Iree-ext. 
os ©, 


0 
7.6 


NwNeck 
outer 


inner 


Root ,upper part 
outer 


inner 
innermost core 


Root,second part 
outer 


inner 
innermost core 


Root ,third part 
outer 


inner 
Root ,fourti Lower part 
ouver 


inner 7.4 


The table shows that there is a slight increase 


in total carponydraves and dry matter trom the crown to the tip ot 


the roov;nowever this variation is vooslight to pe of any conse- 
(1)Ztetstort and Beger - Puhlings Landw. %eit.53(1904 
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quence.But ina eross . section tne variation is different.Here 
there is a marked decrease Irom tne outer Layer or Curvex TO tne 
innermost core.The variation ot tne solunle carbonydrates is 
greater than that of the dry matter,amounting in some cases to over 
five per cent of the total eight per cent.This knowledge oi tne 
distribution or the important rood materials is valuable to tne 
breeder who undertakes to improve the carrot in respect to tne rood 
value, 

In order to verify tne work or otners and to 
gain additional intormation along this line ,the author made several 
analyses . 
sof the two parts of the carrot.The three varieties selected tor this 
work are all grown commercially in this country.One was a large naltr 
long type with a very iarge core,one @ long sienaer type with small 
core and the third a hair Long with medium sized core.The roots were 
taken trom the field,wasned thorougniy and separated into core and 
cortex.As previously stated under the heading ot structure the divis 
ion between the core and cortex is very distinct so that the two 


parts are easily separated.The pieces were ground in a meat chopper, 


air dried and a homogeneous sample taken tor analyses during the 


winter.The moisture determinations were made irom the tresh sample 
at the time ot harvesting by drying to constant weight at 100° C. 
All the other determinations were made trom the air dry sample and 
converted into percentages ot tresh material.The methods used were 
those ot proximate analysis ,according to wniechn residue on burning 
to whiteness is calculated as ash,total nitrogen mitiplied by 6.25 
28 protein,material soluble in ether as tat,and the residual mater- 
ial (estimated by ditterence)as carbohydrate.The crude fiber was 
differentiated from the carbohydrate by boiling with dilute acid 


and alkali. 


io 

The samples were burned to whiteness in a small 
erucible over a low bunsen tlame;the residue weighed and calculated 
es ash.The total nitrogen was determined by the Kjeldahl method as 
tollows:decomposing the sample with strong sulphuric acid,with the 
addition or potassium sulphate ani copper sulpnate whicn assist in 
the reaction. ifhen decomposition is complete,the nitrogen remains as 
ammonium sulphate in the sulphuric acid.After digestion in the 
Kjeldahl flask,the ammonia is liberated by means of fixed aikali 
and determined by distilling into standard acid.Since protein is 
16% nitrogen,the total nitrogen mltiplied by 6.25 gives the total 
protein in the sample. 

For the rat determination a moisture tree sample 
Was treated in a Soxhlet extractor with low boiling ether tor tour 
hours,the ether evaporated and the residue weighed as fat.The ether 
was boiled over an electric heater and syphoned over the sampie 
every rtiiteen minutes.The residue trom the tat determinations were 
used tor tne crude fiber detverminations.The residue was boiied in 
1.25 % sulphuric acid for 30 mimtes,tiltered,wasned tree trom acid 
and boiled for 30 minutes in 1.25 % sodium hydroxide.This was til- 
tered on aGooch crucible,wasned until neutral,dryed av 110°, 
whigned,and ourned completely.The loss in weight is crude fiber. 

The totai carbonydrates or nitrogen tree extract, 


including sugars and stare were determined by ditrterence in weignt 


between the original and the total weights ot the tive previous 


determinations. 
The summarized table below gives the results or tne 
authors anélyses oi the most important nutritive maverials ofr the 


core and cortex of the carrot. 


Table xX. 


Composition ot the Core and Cortex or Carrot. 


1 ' 1 T 1 1 


Variety Part Water Prot. Fiber Carbo. 
Salzer's core 91.5 1.46 L.iLs 5.10 


Goreless cortex 89.45 2.05 -96 7.11 


Early 


Searlet Horn core 92.8 1.08 a ey 


cortex oo. 8) 1. 28 85 


Henderson's core 90.0 85 


Coreless cortex 87.45 1,43 


By these analyses the author has conclusively 
shown that the distribution ot the important food constituents is 
not uniform in a-eross section.In case ot the protein,tat,asn , 
and carbponydrates the higher proportion is tound in the ouver Layer 
while the inner layer is much iower.However the larger amount ot 
crude tiber and water is tound in the central portion.This is to be 
expected since an examination shows the core to be ot a more or Legg 
woody texture.Of the total sugars present approximately oO % more 


is deposited in the outer layer. (suthor's analyses). 
VII.THE NUTRITIVE VALUE OF CARROTS. 


A food may pe detined as a substance whieh will 
supply energy,provide for growth,and repair the tissue waste ot the 
organism.The energy expended by the body is chietly derived trom 
the burning oi organic materials,especiaily carbonydreves ,proveins, 


and Tat. 
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The nutritive vaiue ort a rood is indicaved by 
its chemical composition, behavior in digestion and metapolism.In 
. Many casesthe chemical composition alone is used as a basis tor the 
tood value.This is obtained by tne proximate analysis using the 
conventional methods described on page lo ana L’. 

The behavior or a rood in digestion has to do 
with the digestibility of the rood itselr and the inrluence of the 
rood upon the digestive process.O0f the three importent materials, 
the proteins are the least completely absorbed by the body.On a 
purely vegetaple diet,the loss may be very great,as in the case ox 
Carrots as men as 40 % of the total protein consumed.The fats are 
more completely absorbed than the proteins and the adsorption or 
carponydrates is the most periect ot all.Dicestibility trials of a 
rooa are natural or artiticial,that is the food may be actually red 
tO man and the per cent determined or it may be treated with the 
various digestive solutions. 

Table XI. 


Digestibility ot Carrots+ Pat. (1) 
Ingredients in 
the food . gms. 411.6 6.6 47.3 r81.9 41.2 
Ingredients in 


the teces,. gms. 65.1 2.5 ood - 14.0 


Food ingredienvus 


undigested. % 


The calorie is the unit oi measure ior the 


amount or energy oi a tfood.The caloriric value or heat oi combustion 


ot any substance,that is the amount ot energy iiberatea by tne 


purning OL &@ given quantity OL the compustidle maveriai,is aerver- 


mined by mexns ot the pompd calorimeter.Since tne body gets 1ts ener- 


gy irom the oxidation or the compounds in Yoods,chietly proteins, 


Tatvs,and Carponyarates,ii we know the xinds and amounts or Toodsturrg 


eaten and tne extent and the extent to Wnhicn tney are OxX1luizea in 


the body we can determine in terms or Calories,thne amount or energy 


liberated.The average heats or Combustion are : 


Carbohydrates 4,1 caiLories per gram 


i ats 9,45 tt 1 oa 


Proteins 5.65 


However proteins yieid products whicn are eliminated as enw pro- 


ducts and mist be excreted so that 1.5 calories per gram 


leaving 4.55 calories per gram.After deducting tne amoune o1 


maverial Lost in digestion we have tne tollowiny: 


Carbonyarates 4,0 calories per gram 


Fats 


9.0, 


Protein 4.0 Wy n " 


Thus in the case of carrots,with the composition 1.1 % protein, 


4% fat and 9.2%earbohydrates,100 grems furnish 4.4 calories of 


provein,l!.6 of fat and 57.2 of carbohydrates,making a total of 


45,2 calories per 100 grams of the material. 


However it should be emphasized that the fuel 


value of o tood,while oi primary imporvauce,ig uot aione a complete 


measurement oi ivs nuvritive value,which will cepend in part also 


upon the ayounts and form of nitrogen, phssphorous,iron,and other 


important elements furnished by a rood, 


se 


The principal tood supstances necded in the 


diet are starcu,sugar,vegetable acids,iiber,fat,protein and mineral 


substances.Carrots,2lthough they contain a high percentege of water 
are a common source oi many sUvstances necded in tue vody in small 
amounts,and in addition noid in tueir rluids,acids and alkali which 
are important in keeping the body in good condition.They are there- 


fore an important rood trom tne stand point ot growth ano nealvn. 


One of the iundamental tacts in vwne economy of 


of a food is that the difference in the value of the different foods 


depends upon both the kinds and smounts oi the nutrient saverials 
which tney contain.It is essential ror nealtn that tne tood shall 
supply nutrients in the kinds and proportioms required by the body. 
In order to determine the utilization oi the 


calcium of carrots by tne suman vody,two series of experiments nave 


been carricd out on four healthy young women({24)Calcium is one of 
the important elements required by the body and is important in the 


formation of pone.Carrots are relatively nigh in tnis rcespect.The 


Calcium intake was in every case close to the estimated minimum for 


equilibriun. 
Table XII. 


Average Daily Intake and output of vValeium. 


Series’Diet’ Av.Daily Inteke'Calcium "Balance’ Gain 
; ' of Calcium 'From carrot av. daily y ‘ox 
: ’ ; ‘output : ' loss 
; ; gms , % "urine 'reces' ‘ 
1 ! 1 1 gm 1 gm 1 1 G, 
Milk 0.383 - a0tG ane +,060 +15.'6 


Carrot 0.315 068° .202 


Milk 0.583 


Carrot 0.315 


Carrot 0.261 


ee, 
In all case but one there was a positive calcium oalance on tue 
carrot diet,and in tnat case tne 1oss was smail.When approximately 
55% of the caleium was derived from the carrot, one subject nad 
practically tne same retenvion as on a diet in which 70% of the 
calcium was derived from miik.It seems possibie theretore to meet 
the requirement of the numen aduit organism for calcium largely,if 
not wholly from carrots. 

The cerrot is valuable in itselt as a cooked 
vegetable and is also used to give ilavor to otner dishes... When 
partially mature and tresh from the ground they nave a delicious 


flavor and are so tender that they may be cooked witnout water. 


However as the carrot grows older the flavor become: stronger and 


in most cases tne core pecomes tiberous and woody.When the carrot 
reaches this staze only tne outer layers are desiraple Vn tor food. 

Carrots are cooked im many ways in the tresh 
state and are quite generally liked.In addition tney are otten 
tound on the market in the dessicated torm and are also canned in 
the same way as other vegetables: 

The committee for the control or roodsturis 
attached to the oifice of the tood controller in the United Kingdom 
drew the attention or the pnublic,during tne war to the high tood 
value of carrots.It was pointed out that three pounds of carrots 
were equivalent to two pounds of potatvoes,one oi veal or chicken, 


one of bread,six ot tomatoes,or six or eight eggs. 


Another important consideration in determining 
tne food value ot any material is its vitamin content.Although littl¢ 


is known at present about the nature ot vitamines,umen nas 


learnea concerning theiz relation to nealth and disease. 
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There are three distinct kinds ot vitemins;namely,tne tav-soluble A, 
or antixerophninaimic ,which is found chiefly in certain Tats,vne 


water-soluble B , or antineuritic,end tne water-soluble C,or 


anviscoroutic.These are commonly referred to as vitamine A,B,or C. 


Lack of vitamine A in tne diet results in xeropinaimia,a disease 


of tne eye ,oiten resulting in blindness,lack of B in tne disease 


known 28 perri-oerri,sterility,and other complications,while lack o 
C causes scurvy. 
It has peen found tnat root crops,especially 


carrous,are well supplied witn vitamins and may be classed Witn the 


green leafy vegetavles in txuis respect ravher tuan with tue cereals 
(l)Carrots are rich in vitamine A,rich in B,anf tair in ©(2).In 


feeding trials (1)carrots were tound to ve remarkably rich in the 


dav-soluvle Vitamine and suliiciens quantities OL DOun vhe Tat - 
and the water soluble were Iurnisnea oy a diet or lo % carrots. 
The authors concluded tnau tne practice or teeding carrots in lieu 


or green material whicn is in vogue vy many small animal pvreeders, 


is aievitically jusvitied trom wue svandpoint oi vitamins alone. 


Theyalso concluded that this is possibly une experimental justiri- 


cation tor tne use oi Carrot juice as an adjuvant to the boiled milk 
diet ot children.It is a common peliex tnat raw carrois are 


nealvniul tor young children and tnis may ve explained py tne tact 


tuav carTfots are reirly ricu in vitamine C which prevents scurvy, 
and also nelps to promote growtn;Raw carrots may tnen pe nealthiul 
tor Children because vivamine C is pracuically desuroyed upon 


cooking.A and B,however, are mostly retained in tue precess ox 


cooking. 

(1)Stenbockand Gross -J.Biol.Chem. 40(1919)Fat-sSoluble Vitamine 
Content o1 Roots. 

(2)Read,Palmer,Steer-Ark.Bul.176 -Vitamins in the Diet. 
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Cooking trials were made vy the autnor or the 
Giiterent parts oi the root ,in oraer to devermine tue relative 
strength oi tne flavor in the outer and inner portion.The roovs 
were young and in the proper stage of growtn.In every case tne ouver 
layer was oi vevier ilavor tian elitner tue inner Layer.or bovn 
cookel together.There was uot so great a dizierenee in tne texture 
or these two parts es there was in the tlavor.This was propaply due 
tO tue tact tnat in the earlier stage the care nad not reacned tiie i 
tivervus woody condition.However the core was very poor in tlavor 
and in tact was uearly tasveloss,wnile tne cortex was sweet ,tender, 
and not in the least strong,thus snowing tnat tnere was no need or 
tue core to diluve tune tlavor and contirming tue previous conclus- 
10ns that the greater parv or the sugar and otner food materials 


was stored in the cortex. 


VIII.CHEMICAL COMPOSITION OF TH PARSNIP. 


The chemical composition ox tue parsnip is very 
Similar to that oi tue carrots except that tue aimount or whe solid 
material is greater and tue nutrients are in comewnat diiterenv 
form.The composition is given as fullows(Different autnorivies) 
Table XIII. 


Composition ot tne Parsnip (1). 


Weter Ash Provein Fiber Carbonydrate 
85.4 1.3 ee LL s8 
835.0 1.4 L. 6 £1.00 


(1)Sherman,H.C.--Chemistry of Food and Nutrition 1918. 
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Table XIV. 


Composivion oi tue Ash. (1) 


Waterial Cad ‘' Mg0 "Keo  * Nasd0 * Pe05 f Cl : Sv oyave 

Meni Geka TL Gest Ode weeOe-op (ceo y 2.085, 0S Sse 

Potavo «016 . 056 535 025 14 035 08 0018 

Turnip -089 .028 40 08 chEY, 2 04 -O7% 0005 

Capvage .068 - 026 45 205 .@9 03 407s 3001 
Table XV. 


Approximave Amount or Pe05. (1) 


Material Pe05 per LOO gms Pe05 per 100 gms P205 per 5,000 


edivle portion provein calories 
))) 
Parsnip 19 nis Oe Si 
Povate Le 6.5 4,7 
Turnip oka 9,2 8.5 
Milk e215 6.4 2.0 
Table XVI. 


Approximate Amount of Kod. (2B) 


ke0 per LOO gms <e0 por LOO gms Ked0 per 34,000 
edible portion protein Calories 


Parsnip j .695 43.1 32.10 
Potato ~ 525 25.6 13.90 
Turnip - 400 44,4 30.00 
Milk . L68 6.1 7.29 


(1) Sherman ,H.C. }-Chemistry of Food and jutrition 1918 


(2) Calculated trom table XIV. 
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It can be seen irom the above tables that the 
parsnip furnishes large amounts of mineral salts,especially potas-: 
sium,calcium,masnesium,and phospnorous.All of these meterials are 
used in the pody in smail amounts for the puilding of tissue,repsir 
Or waste,tor tne proper carrying out ot tne physiological tunctions, 
and to insure a sutficiency or alkaline ash substances for body 
needs.The parsnip does not contain iron and sulphur and in this 
respect is: not as good as the carrot which is relatively nigh in 
these materials. 

Parsnips contain more dry natier than earrots 
and heave practitally tue same amounis ot nitrogen and tai.The 
carbohydrates are greater but there is less sugar and more starch. 
The crude fiber content is greater in most varieties especially in 
the core which is rather woody. 

As already stated tnere is a great variation of 
the nutrients in the cortex and central cylinder ox the root.This 
variation is greater in some varieties than in others,and may also 
depend on the season and the length of the growing period.The dif- 
ference in the composition of the two parts was worked ouvt vy 
Vollecher in 1853 (l)as follows.By moistening a transverse section 
or tne root with tincture or iodine,tne external layers are colored 
a deep blue,while the inner portion is only slightly colored.By this 
means three distinct circles can be distinguished on a transverse 
section;:one interior rormed by the heart of the root,an exterior 
colored deep plue by the production o: iodide ot starch and an inter 
mediate circle between the heart and the exterior dark colored zone, 
This distinctly shows that the starch does not exist in the heart, 


(1)Volleker,Agustus-d,Roy.Ag.Soc.V.15 --Analyses of Parsnips. 
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nor in the layer next to it,but that it is all deposited in the 
external layers ot the root.In the case of protein the intermediate 
layer contains a higher amount than either the heart or tne outer 
layer,where the starch was deposited.The intermediste portion pe- 
tween tne neart and the outer Layer coniain one half more flesh 
forming constituents then the other portions of the root. 


Table “XVII. 


outer Heart intermediate 


% Nitrogen 1.039 1.067 1.5 
% Protein 6.493 6.66 9,395 


Analyses of two varieties of parsnips py the 
author contirmed the work of others,that the cortex contained a 
larger part of the nutrients.Another important point brought out by 
tne analyses was tne large variation in the chemical composition in 
the two varieties.The samples were prepared in tue same way as in 
the case ot carrots and tne methods oi analysis were the same.'The 
varieties used were Hew Kenways Don and Hollow Crown which seemed to 
be representative types or the fifteen varieties in the plot.The 
following table gives the summary ot these analyses: 

Table XVIII. 


Chemical Composition of ine Parsnip. 


Variety Part Water Prot Fiber Carbo. Fat Ash 
New Kenways 
Don core 85.7 Laue 4,48 TekO Brot) . 86 
cortex 82,4 1, 86 5.04 10.85 46 1.39 
Hollow 
erown core 82.2 79 5.25 12.69 41 96 


80.7 1,45 1.73 14,41 ¢ 49.,..05,44 BE 
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From the table it can be seen tnat tne greavest 
variation is in tne crude tiber,potn petween varieties and bevween 
the core and corvex of the same variety.The parsnip convains quite 
a little more cellulose maverial tnoan tne carrot,as would pe ex- 


pected since tne texture nas the appearance oi being ratner stringy 


and fiberous ,especially in the core, The core contains from 2 to 3 
per cent more water than tne cortex.In all other respects the cor- 


tex hes tne nigner per cent oir materials,tne difterence varying 


trom .1 % in the case or the tat to 2 to 4 % in the soluble carpo- 


hyarates.Therefore in the parsnip,as in tne carrot,,tne distrioutvion 


of the important food materials is not unitorm in a cross section. 


IX.NUTRITIVE VALUE OF THE PARSNIP. 


The parsnip ,because or its pronounced rlavor 
is propaply not so generally liked as tne carrot or most or the 
other root crops Of this class.However wnen cooked iong enough 
persnips torm a good tood.The roots are poiled,rried,and in some 
cases used in soups and stews.In Europe boiled parsnips are consid- 
ered to be the proper vegetable to serve with salt tish.In America 


they are served boiled or tried with roast meats of any sori. 


One of the chier reasons tor the popularity of 


the potato over such crops as carrots and parsnips is its lack oz 


ilavor,which makes it possible to conier palatibility upon it by 


the addition of seasoning materials such as butter or cream. Neither 


parsnips nor carrots could become as popular as a regular article og 


diet because 


oi tneir pronaunced tlavor,wnicn does not appeal to tne 
appetite wnen used regularly in tne diet.They are ,however valuable 


as supplements. 
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Like the carrot ,the parsnip contains a large 
proportion ot water and considerable starch and sugar.Generally 
speaking tne rood value ot the parsnip is about the same as tne 
carrot but due to the higher amount or dry matter the parsnip is 
sligntiy higher in calorific value.The amounts ot protein,rat and 
ash are about the same in both but the amount ot carbohydrates is 
higher in the parsnip.The larger part is stareh instead or sugar ,as 
in the case or the carrot.The parsnip contains = larger amount ot 
cellulose particularly in the core,Which becomes stringy and woody 
when the roots are old.Cellulose is practically insizgestible but is 
not objectionable when present in small amounts.Probably its sole 
use is to serve as structure pbuilding material.it is undoubtedly 
elaporated from the carbonydrates as the cell grows.In only rare 
cases,noweéver,is there evidence tnat it can pe reconverted into 
soluple. carbohydrates to serve as toud materials.Its chiet use in 
the diet is to contribute buix to tne tood. 

Parsnips may be kept in the ground tor a large 
part ot the winter and are easily stored since tney are not atiect- 


ed by ireezing.Many people pelieve the rovt to be poisonous it 


Catven aiter growvn has svarted in the spring but this belief is 


probably without foundation as there seems to be no evidence 
poisonous principal is elaborated.The quality of the parsnip is 
somewhat improved by leaving the rovts in the ground ove: winter. 
In tne spring these roots ere an addition to the dict because most 
or the stored root crops are beginning to lose their tlavor and 
‘good texture. 

Both on account ot their tattening gqualitics, 


(since they contain nearly a third more. carponydrate material than 
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the carrot) ,and because they can be easily stored ,parsnips are 
aiso valuable tor stock teeding.This is especially true in the 
early spring when the supply ot fresh succulent tood is Likely to 
be short.They are relished by cattle and highly estecmed by many 
European tarmers for iattening purposes iit they can be economically 
grown.However neither the carrot nor the parsnip is important in 
tne corn pelt ot the United states as a stock 1oud, »ecause-or-THE 


adverset-ciimetic-ceonditions: 


xX, LOSSES IN COOKING. 


Ordinary methods oz cooking do not perceptibly 
injure the nutritive value oi carrots,at Least not when tney are 
used as part ot a mixed diet.However a consideraple portion of tne 
caloritic value ot the food is lost when tne waver used in cooking 
them is discarded.When carrots are boiled in water the loss of 
mineral and nitrogenous materiel and also or sugar is large,tne 
amount depending on the sizes of the pieces invo Which the carrots 
are cut.The following table illustrates the fact. 

Table XIX, 


Loss ot Wutrients in Cooking. 


Size or piece yitrogenous logs Sugar Loss 
0 % 

Large 20 15 

Medium re 26 


Small 40 26 


Table XxX. 


Loss oi Mineral Material in Cooking . 


Method Solids Ash Pe0s Cao Ngo 
iamkite is % % % vA 
cut up,poiled 10.05 11.48 22.88 10.88 19 8 
boiled whole 6.25 7.38 17.97 8.77 NS Pe 
cut up,dviled - 6.91 15.84 . 25 8.0L 
boiled whole - 4,90 12.46 2.61 14.42 


Composition and loss (shaded yvorvion} 


of nutrients in carrvt. 
@=- tiber ;starch,iat; b =- sugar 


© = non-proteid nitrogen:d - proveid 


nitrogen;e - mineral . 
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The water in which carrots have been boiled 
is quite yellow and has a sweetish taste ,shnowing that some or tne 
nutrients have been Lost in the process oi cooking.The temperature 
Oi the waver makes very Little dizrerence in the amount Lost. How- 
ever the more water used the greater the loss and the more rapidly 
the carrots are poiled tne smaller tne Loss. It has also been 
found that when carrots are steamed they pecome soit 2 Litiie more 
quickly than wnen cooked in not water , and so lose less material. 
The amounts or nutritive material Lost from 
parsnips in cooking is nov deiinitely known,vut it is probably 
Gonsiderable. The amount is certainly aiiecued by the same con- 


ditions ss in the case or carrots. 


XI.ECONOMIC VALUE OF CARROTS AND PARSNIPS. 


The ztirst tactor in determining the economy or 
@ food is its cheapness as a source ox teul. Table XXI shows tne 
cost Of carrots and parsnips as compared With povavoes in verms ox 
calories. The figures are based on tne lew York wnolesale market 


tor the monvo or November ior the years 1917 - 1921 inclusive. 


Table XxXI. 


Cost of Carrots and Parsnips es Food. 


Cost per bu. Calories per bu. Cost per 347000 Cal. 
Carrot & Yo 10,500 ) 224 
Parsnip yO 14,790 met) 


Potavo 1,58 £2,080 « OL 


rut if? of 


¥ 
‘ 
td 
fs 
‘ 
coal © | i 
Pet ve 
o) eA Shad 
us pry 
‘ ah 4 
? 
fa . 
i) 


77 


POs tao abou is igitow went 
Daa bad ip.brade. ij OR 


=F 


anne er: ett, 


Toa. LO. SOT NOW) 8 ee Rye ae T 
it velapgee’ aa ee hore ayia i 
wer oats GQ ae Oe aie ae et ot 
a ViOs ae ee let hh had fn 26 ansienl 
ae aldat 
a ee Ame bs | Wgaweao bid aie ; 


.. eon yates 


ait) , eos lk ‘ta ie 
» aL) Ue iE care may POL bed 9) 
hy VORB ONS = te. ove touhl 


et eT Ry loch ot > eee ati i 
ia 


‘s y 


blag ed Girereee aah Me ia 
aoc Lite 0b) Gon a ae 
¥ ane! ae Mee iy a0 ws Joe ad 


OHOTMEO KO oe eR 


W USAD OL Oe 


nme 5 de #G0q. THREES Pe 


0 WMS 20,088 See 90° 


il ie os eae eae sedan ae pp tana 


4 \ od 


Ce or oe Se de 
: 


= ) a 


35. 

Thus tne price per busnel for carrots is nali 
that or potatoes aud one-tnird less tor parsnips.Due to tne iower 
nutritive vaiue pound Tur pound veitvier contains as many Ca.Lloriecs 
per pushel put tne cost per 5,000 CaLivories is tne same in tne case 
ot carrots and sligntly nigner in tne case or parsnips as compared 
With potatoes. Carrots and parsnuips are tuererore practically as 
Gnaeap 2 source oft food as potatoes. 

Anotwner Tactor must ve taken into considera- 
tion,nameiy tne yieid of each crop per unit Or area. Unless tnis 
is dene ,erroneous conclusions are pvund to occur. For exampie tne 
food vaiue of carrots is 55 % of tet OT the potato. This is true 
in toe sense thet tnere are 55), as many calories in & pound ot 
carrots as in @ pound of potatoes. iowever,wnen we consider the 
numoer otf Calories produced vy an acre o1 ground under povatoes as 
Compared to that provided by an equai area or xruund under carrots 


we tind that Tne same ratio does not exist. 


apie XXII. 


Calories or Carrots and Parsnips Produced on an ‘cre. 


Crop Yield per secre cbs dry matter Cal.per lo. Cal per acre 
) Lee. 61) los. (2) 

Potato 13,550 0,140 585 5,216,750 
Carrot 47,900 6,564 210 7,770,000 
Parsnip 26,966 4,5£6 30 8,089,800 


Average of several reports. 
(2)U.S.D.A. Off. Exp. Sta. Bul. 28. 


The higher yields obtained from carrots ana 
parsnips are more than enough tu make up tor the lower nutritive 


value and theretore more calories are produced irom an acre ot 


ground, 
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Another consideration of economic importance 
which usually escapes motice is that the dirferent varieties of the 
same vegetable differ widely in chemical composition and therefore 
in tood value. In the case of carrots and parsnips this difference 
is chiefly due to two tfactors,the proportion of core to corvex and 
the composition of the core and cortex. Since tne core is much 
lower in nutritive value than the cortex,the larger the proportion 
of core the lower the food value,and also the higher the cost per 
calorie. The calorific value of some ot the ditferent varieties oz 
carrots and parsnips may be seen trom tne rollowing tables. 

Table XXIII. 


Calorifie Value of a Bushel of Different Varieties oi Carrots. 


Variety Ibs in "lbs in ‘Cal.in ‘ Cal.in ‘Total * Cost per 
' core ‘cortex core ' cortex 'Cal. "3,000 cal. 
Salzer's , : : : ; ; 
Coreless '20.4 133.6 5,986.4 "6,081.6 "16,068 ' & .22 
1 1 1 1 ! | 
Early 1 1 1 1 1 1 
Searlet Horn' 24, 136. §S, £9870 656 ,976.00' 9 168 24 
1 1 ! 1 1 1 
Henderson's ' : : i , 
Coreless 10.8 149.2 TLgeoOe.O *L1L,08@0.6' L2.9210, ' ok 
1 1 ! 1 1 1 


Table XXIV. 


Cealorifie Value of a Bushel or Different Varieties ot Parsnips. 


Variety ‘Ibs in ‘Lbs in 'Gal.in "Cal.in ‘" Totel " Gost per 
'eore "cortex "core 'Gortex, ) Cal. ' ' b)/000"eal., 
! 1 1 1 1 

New cenways ' , : ' ' 5 

Don BSLS. Boe ohG,.8 "2,296,811 882 114,198 ! $ 24 
1 1 1 1 1 1 

Hollow ; : : ! : / 

Crown 9.8  ' 40,8 14,868.4'12,929 ‘1,567 | RO 

1 1 1 ' 1 
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id A differenee otf four cents per 5,000 calories 


exists petween two varieties of parsnips and seven pveiwean two or 


cer-ots.Assuming tnat roots Witn a small core would produce as Large 


@ yield as tnose with larger cores, the smaller the core the more 


economical the root.There is need ot data regarding the comparative 


yields of such varieties. Strains or tne hignest degree ox quality 


should pe selecwed. 


XII.CONDITIONS WHICH EFFECT THE COMPOSITION. 


There are several ftectors wnica pave an 


efirect on the composition ot root crops and thererore on their tood 


value, The most important or tneseare preeding and selection , 


cultural methods and storage. 


The importance ot the effects of breeding and 


selection on the composition have been prought out by a study oi 


ot the tood materia ls in tne root and also the 


tne distribution 


proportion of core and cortex existing there. Since the sreater 


part of the nutrients are stored in the cortex any improvement of 


the variety by breeding or selection whereby the proportion of cor- 


tex was increased would be ot material value. This can pe seen 


trom @ comparison of some of the French and American varieties ot 


Carrots. The last tour varieties in table X ,which were obtained 


from france ,are characterized by a small core which plainly shows 


the importance of selection on tne value ort tne crop. 


The effect; ot the culture of the eron while oz 


some signiticance is not as important as that ot selection. It hag 


been demonstrated that a long growing season tends to produce a rook 


With a large per cent oi tioerous material and strone tlavor. 


ee 


so 


56. 
This is especially true oi carrots since parsnips normaliy take a 
longer growing seeason.The stronger ilavor is objectionable since 
the roots have a strong tlavor at best.The increased amount of 
fiberous meterial could not add to tne value or the erop since it 
is chietly ceilulose which is practically or wnolly indisestible 
and theretore ort no value when in excess of the normal amount. 
From this we would conelude that any condition whereby a ranid 
growth could be secured would produce a root ot higner value. That 
is to say moisture,cultivation,and soil conditions have an impor- 
tant erirect on the composition and vaiue of tne crop. 

When roots are stored they tend to become ary, 
fiberous end tasteless.These changes are due tv the natural pro- 
cesses Ot transpiration and respiration. Unless ideai conditions 
are provided tne errects of evaporation,iungi,and bacteria on the 
composition and quality or the crop may be serious. 

In experiments at Vermont (1)different media and 
kinds or storage were tried out On carrots and parsnips. In cold 
storage at 58°R, after six and one halt months a large part or tne 
parsnips were in good condition wnile 60 % of the carrots were 
rotted. In common cellar storage none Oi tne carrots were edible 
and only 61 % of the parsnips. Roots stored under living room 
Conditions were all inedible. Of the dirxerent media trials ,ary 
sand gave the best results. Of the disintectants Bordeaux was 
superi.r. Noisture determinations showed that roots packed in dary 
sand lost in weight,thatv those packed in moist media gained,and 
that those treated with a disinrectant Lost in weight. The moisture 
losses Observed were not commensurate with those obtained by chen- 


ical analysis,whicn would show that men or the loss in weignt 


(l)Aldrich,®.H.- Vt.Bul.203 - Winter storagz 
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occurring during storage is oxidized dry matver, 

Roots stored by the author under the various 
methods resulted in the same conclusions Which Gan pe seen Trom the 
tollwoing table. The roots were placed in storage September 2% 

and removed December 19, Carrots and parsnips were stored in three 


ways;exposed to air,buried in sand ,and svored in outdoor pit. The 


roots exposed to air were kept in a common cellar ai a vemperature 


oi 40 to 50 9 BP. The sand stored roots were in tne same cellar put 
were placed between alternate layers ot sand in a bushel box. The 
pit storage system consisted ofr an outdoor surface pit Witn drainage 
and aiternave layers of dirt and siraw,With a temperature slightly 
apove treezing. The loss in weignt was devermined in two ways, 
weight ot the roots betore and atter storage and by chemical anal- 
ysis. 
Table XXV. 

Loss in Weight During storage... 
Treavment Wt. Before Wt.after Loss in Wt. 

OZ Oz Oz 


Air 
Carrous 160.56 109.5 


Parsnips 126.0 85. 


Pit 
Carrots 163. Te 


Parsnip Lid, 6 LS, 


sand 
Carrots 


Parsnip 


\ 
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In both pit and sana storage tne roots Were in 
exceilent condition wnen removed. There was iitvule or no disease 
present and the roots were tirm and tresh. However, in case O1 
tnose routs exposed to air in tie cellar tue reverse was true. All 
were snriveled and practicaiiy inedgivie. Chemical analysis snowed 


@ ioss of moisture ot 24 % for those exposed,s % for pit storage, 


and @ % for those buried in send: 


Edibility triais snowed that Wnen cooked twnuse 
Loous eCxoosed GO wne air were tvougn and tasteless as compared vo 
tnose svored in sand or outdoor pit.The lautver were or good fiavor 
and quality. There seems to be an increase in the amount oi tiver- 
ous materiai towards tne end oi tne storage period which is provably 
due to tne tuickened trecneal wuves | 
There 18 very 1ivvie actual Loss or rood nuvrienis 
in storage. ixperiments tend to snow that outside ot loss ot mois- 
ture and change in tne rorm Oi the carvonyaraves tnere is very Littl 
Goange during storage. Analyses av une Canada Sxpelrimenta. Farms 
(1) gave tne iollowing results . 
Table XXVI. 
Loss in Storage 
Improved short White Oxneare 
Water Dry mavver Water I matter 
Oct. 27 
Jan.15 


Mar.15 


(1) Snutts,Frank T.-- Can, Exn.Farm Rpv/lyOl - Changes in tue Com - 
posivivn OT Roovw Crops During Storage. 
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Table XXVII 


Loss oi Vitrates in Dry Matter: 
NIP PEE Ae I artes en ele ee el a eS 


Date or Imoroved Short White Oxheart 
analysis Total nit.Alb.nit non-alb. Total nit. aid.niltv. non-ain. 


OCt. 27 teh oT 4 L535 ~62 
Dee. 1b 1.03 .59 44 L. 62 275 87 
Jgan.1lod 1.39 S¥5 L716 . 84 ~92 


-_—-_o 


Although there $s Liutle loss ox iood nutrients 
during storage,tnere is a transformation of some of the materials. 
So far as known there has been no work done in the case of carrots 
or parsnips to determine the amount and neture of this transforme- 
tion. However,it is reasonable to assume that the same changes 
would take place as in similar root crops. The changes taking 


place in je sweet potato during storage have been worked out by 


Hesselbring and Hawkins (1). During its growth the sweet potato 


root is characterized by = very low sugar content. The reserve 


materials from the vines are almost wholly deposited «as starch. 
Immediately after the roots are harvested there 


oecurs a rapid transformation of starch into cane and reducing sugar. 
This initial transformation seems to be due to internal causes and 
and is largely dependent on external conditions. 

Even at © temperature of 50° C. both cane and 
reducing sugars accumulate during this initial period in excess of 
the guantity used in respiration,while during subsequent periods the 
quentity of reducing sugar diminishes at that temperature as a re- 
sult of respiration. These initial changes seem to be associated 


with the cessation ot the low oi materials irom the vines: 


(l)Hasselbring and “awkins -J Ag Res 3;351 -Changes in sweet Potato- 
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In sweet potatoes stored at a temperature of 


LLy7 - 16.7° C.the moisture remains fairly constant. There is a 


eradual disappearance of starch during the first part of the period, 
(Oet to Mar) and probably a reformation of starch accompanied by 
the disappearance of cane sugar during the latter part (Mar -June)/. 
The change in reducing suger is less marked than cane sugar. The 
changes in starch and cane sugar appear in a general way to be 
correlated with tue seasonal cuanges in temperature. 
Table XXVIII. 
Changes in big Stem Jersey in Yarm Cellar. 
Water Starch Cane Reducing Total sugar Total carbo- 
Sugar sugar hydrates 

76.6 19.07 1.9 4% Ae 24.09 

72.99 16.94 3.51 0.02 23.85 

71.89 16.42 3.94 , 5.565 23.79 

72.06 16.02 4,39 d 25.7 

78.48 .14,13 6.06 25.7 

71.97 135.09 6.96 25.351 

73.02 13,44 Pe ee ee 22.77 

72.49 14,47 5.61 eet 7 22,85 

72.87 14.2 6,02, .9 ‘ 25.02 

72.45 14.62 5.66 .87 25.27 
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Table XXTX. 
Big Stem Jersey in Cold Storage 


Water Starch Cane Reducing Total Total carbo- 
sugar sugar sugar hydrates 
72.99 16,94 3.51 1.52 5.02 25,85 
712.99 © 16.521 6.46 2.02 8.82 25.62 
4Os77F 10.8 1,33 1.6 9.31 21.31 


XIII. SUMMARY. 


Carrots end persnips are clasved as succulent 
root crops because of tneir nigh percentage oi watver,which is &/ to 
90 % in carrots and 60 to 84 % in parsnips. lost of the solid 
material is carbohydrates,in the form of sugar in carrots and starch 
in parsnips. These roots are characterized vy peculiar tlavors 
and odors,aue tv certain sugars ,plant acids,and volatile oils- 
Because of their marked flavors they cannot be as populsr as the 
potato as a regular article of dict ,but are very valuable as sup- 
plement s: 

In general the cnemical couwpositvion and 100d 


value Ox the Carrot and parsnip sre the same.Both,since they have a 


large amount of water and are low in protein and fat,are not as high 


in tood value as some ovtn r vegetavles. They owe tneir chiet value 
as rood vo the relatively high per cent of carbohydrate material. 

In addition to carbohydrates both are well supplied with mineral 
salts,chiofly calcium,iron,phosphorous, potassium ,and wagnesium. 
These elements are essential vo vuo diet tor tue vwuilding ot vissuc, 


formation of bone and blood,and for keeping the body iluids in the 
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condition necessary for the proper runctioning. 

Carrots and parsnips are an economic source ot 
food-Although not so nigh in celorifie value pound for pound as 
potatoes they can be more economically grown and stored,produce 
higher yields ,and are cheaper than potavoes, They owe their impor- 
tance cuieily to tne soluble carbohydrates,to their flavor and odor , 
which add: variety to the diet,to their vwulk,which is important 
from the standpoint of nygene pecause a certain amount ot vulk is 
needed tor normal digestion,and to their mineral salts which are 
necessary for growth and condition of the body. 

The results of the autuors work in devermininug tHe 
relative Gomposition oi the core and cortex conclusively proves that 
nearly 50 % more of the important food nutrients are stored in the 
cortex or outer layer ot the root than in tne core.Moreover nis 
studies or tue various commercial varieties show that a wide varia- 
tion in proportion of core to cortex exists vetween individual roots 
oi the same variety and petween individuals ot ditferent varieties- 
This wide veriation is cuieily due to tue mavver of selection,. 
Those varieties having a small percentage of core represent the re- 
sults ot coOnvinued selection througu several generavions/while vhose 


with ea larger percentage oi core nave been neglected: 


Since the cortex contains the largest amount of 


nutritive materials it is important irom an economic standpoint vo 
produce strains or varieties with the smallest core possible’ This 
process is not difficult and if continued tor several generations 
Will result in marked improvement. Those roovs naving tne smallest 
core should ve selected in the fall. In order to gave only the best, 


the tip of the root may be cut otf,to determine the size of the core: 
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The cut end should pe coated with melted paratfin to avoid rotting 
during storage- Roots so selected by tne author were kept in tair 
condition in dry sand from September 2/ untii tney were planted 
Aprril 15.Seed mey be grown from the roots and planted the stollowing 
year for trurther selection. 


In recent years much has peeniearned oi tne 


relation oi vitamins in tne diet to nealth and disease*® Since green 
, 


leary vegetables and some of the others as carrots and tomatoes 

are found to ve sigh in vitamine content ,tne result nas veen 
caipeaigos and arguments tor the incressed use of these vegetables in 
tne diet. This campaign snould ve accompained py increased eftorts 
on tne part or experimenters to improve the present strains and 
varieties,whether the improvement be in tne tood value or texture. 
The results oi tne autnovs work witn wne tood vaiuse or Garrovs and 
parsnips shows clearly taat great progress can ve made in improving 
the economic vaiue ot tuese vegevavles. The same sort ot experiment 
end improvement could ve mapped out for many other vegetables,and if 
horticultural experimenters can keep pace in tueir improvement or 
vegetaples with tne increased interest oxi the public in their value 
as @ tood,a great increcse poth in the quality and consumption of 


the vegetables must result. 
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